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FIG. 4 is a perspective view illustrating the back 
surface of the solar shown in FIG. 3 with interdigitated 
back contacts attached. 
SCREEN PRINTED INTERDIGITATED BACK 
CONTACT SOLAR CELL 
ORIGIN O F  THE INVENTION 5 BEST MODE FOR CARRYING OUT THE INVENTION 
The invention described herein was made by employ- Referring now to the drawings there is shown in ees of the United States Government and may be manu- FIG. 3 a semiconductor substrate 10 in the shape of a 
Or by Or for the Government without the wafer or a suitable rectangular parallelpiped block. , 
10 Other shapes, such as hexagonal and circular, are also payment of any royalties thereon or therefor. 
TECHNICAL FIELD satisfactory. 
By way of illustration the semiconductor substrate 
This invention is concerned with improved solar wafer,l0 may comprise a single crystal silicon doped to 
cells. The invention is particularly directed to the fabri- a resistivity suitable for photovoltaic energy conver- 
cation of interdigitated back contact solar cells on semi- 15 sion. ~ ~ ~ i ~ ~ i ~ i ~ i ~ ~  between o.l and ohm centimeters 
conductor substrates using Screen Printing techniques. are satisfactory for silicon. The substrate wafer 10 has a 
Prior art processes for fabricating interdigitated back thickness between about 5 pm and about 500 pm. The 
contact cells utilize photolithographic methods to de- single crystal silicon substrate is doped with elements 
fine the back contact patterns. The disadvantages of from group III-A of the periodic table including boron 
these processes are that they are more costly and com- 20 and aluminum. 
plex, while being less easily automatable and controlla- The wafer 10 has a front surface 12 and a back surface 
ble. 14. The front surface 12 is the illuminated surface. The 
desired finish is obtained for each surface 12 and 14 by 
lapping, polishing, or etching techniques that are well BACKGROUNDART 
Chiang et a1 U.S. Pat. No. 4,133,698 is directed to a 25 known in the art. The front surface 12 may be textured 
tandem junction solar cell having a P-type monocrystal- to reduce optical reflection. 
line silicon substrate. The illuminated front surface is When the wafer 10 is of a p-type substrate material an 
textured while an interdigitated P-N junction is located n-type pattern 16 is applied to the back surface 14 using 
on the nonilluminated back surface. An unconnected 3o screen printing techniques. More particularly, a screen 
front junction forms a “floating” junction which sup- 18 shown in FIG. 1 is used. A pattern opening 20 having 
presses front surface recombination and enhances COI- the proper configuration is formed in a screen 18 by a 
lection at the back side junction. A metallized back photolithographic method well known in the art. 
surface contact has a geometry which matches that of The screen 18 may be emulsion coated stainless steel, 
the P-N junction. 35 silk, or some other material commonly used. The shape 
photovoltaic cells of sintered materials. The cells have plimentary Pf Pattern 22 to be in close Proximity to the 
interdigitated electrodes of copper and silver pastes. n-tYPe Pattern 16. The spacing between the Patterns 16 
U.S. Pat. N ~ .  4,104,091 describes the use and 22 is uniform at various points along the mating 
of a semiconductor solar cell. One type of dopant is lS preferably about One 
applied to the front surface of the substrate by this tech- 
surface. 
Nicoll -U.S. Pat. No, 2 240 is concerned with of the pattern 16 is arranged to enable a mating or com- 
et 
n printing to apply diffusants onto both surfaces 4.0 portions oftheir respective configurations. This spacing 
Various may be used for the and p+ 
configuration of interlocking spirals, branching tree-like 
45 shapes, interdigitated comb-like patterns, or some other 
pair of mating shapes that provide for the close proxim- 
ity of the n and p+ lines. 
A screen printable n-type material of the type dis- 
flective coating on the front surface. The back surface 5o 18 and printed. This duplicates the pattern 20 on the 
has interdigitated contacts with corresponding N and P 
patterns. This n-type paste on the substrate 10 is then dried and 
fine and fabricate the interdigitated back contact pat- diffusing the n-type dopant into the substrate 10. This 
tern. Doped pastes are used to diffuse dopants into the 55  forms a p-n junction in the same configration as the 
semiconductor substrate. pattern opening 20 in the screen 18. 
In a similar fashion, a screen printable p+-type dop- 
ant, such as fine aluminum powder, in a paste-like for- 
The details of the invention will be described in con- mulation is printed through a second screen 24 shown in 
60 FIG. 2. The screen 24 has a pattern opening 26 which 
FIG. 1 is a perspective view of a screen used to Print forms the mating pattern 22 with the n-type pattern 16 
already on the substrate 10. 
FIG. 2 is a perspective view of a screen used to print The p+-type dopant paste on the substrate is then 
dried and fired by again heating the coated substrate to 
FIG. 3 is a perspective view illustrating the back 65 an elevated temperature. This forms a p-p+ junction. 
While in the preferred embodiment the p+-type dopant 
in the pattern 22 is dried and tired after the n-type dop- 
ant in the pattern 16 is dried and fired, it is contemplated 
nique. An opposite type of dopant is applied to the back patterns* By way Of these patterns can have a 
DISCLOSURE O F  INVENTION 
In accordance with the present invention a semicon- 
ductor solar k provided that may have an antire- closed in U.S. pat. No. 4,104,091 is applied to the Screen 
substrate 
These solar cells are made by Screen Printing to de- fired by heating to an elevated temperature thereby 
BRIEF DESCRIPTION O F  THE DRAWING 
nection with the accompanying drawings in which 
n-type material to a semiconductor wafer; 
p+-type material to a semiconductor wafer; 
surface of a solar cell having n and p+ type materials 
screen printed thereon in the patterns shown in FIGS. 1 
and 2; and 
4,478,879 
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that in certain applications both dopants may be dried an n+- or p- type layer to reduce surface recombination 
and fired simultaneously. velocity. Texturing and antireflection coatings to re- 
It will be apparent that the screens 18 and 24 must be duce optical reflection also may be used in the alternate 
properly indexed during the respective screen printing embodiment. 
operations so that the uniform spacing between the 5 We claim: 
patterns 16 and 22 are maintained. Alignment of the 1. In a method of making an interdigitated back 
patterns is assured by the use of indexing pins or marks contact solar cell of the type having both a first junction 
to position the screens 18 and 24 relative to the substrate and a second junction adjacent to the nonilluminated 
10. It is further important that the ratio between the back surface of a semiconductor substrate in a pair of 
areas of the screen openings 20 and 26 be about eight to 10 interdigitated patterns with a uniform spacing therebe- 
one. tween, the improvement comprising 
Metal contacts 28 and 30 are then applied to the back forming an opening having a predetermined area in a 
n and p+ patterns by screen printing in a similar man- first screen, said opening having a configuration 
ner. An antireflection coating may be similarly applied corresponding to one of said patterns, 
to the front illuminated surface 12 by screen printing. If 15 positioning said first screen adjacent to said back 
desired, vacuum evaporation or plating techniques that surface of said substrate, 
are well known in the art may be used to apply the screen printing one type of dopant material onto said 
metal contacts and the antireflection coating. back surface of said substrate in said first configura- 
The resulting structure is an interdigitated back tion and diffusing the same into said substrate, 
contact solar cell as shown in FIG. 4. This solar cell has 20 forming another opening having another area in a 
n and p+-patterns produced by screen printing. second screen, said other opening having another 
DESCRIPTION OF ALTERNATE 
EMBODIMENT 
configuration corresponding to the other of said 
patterns, the ratio of said predetermined area of the 
opening in the first screen to said other area of the 
A wafer 10 with a p-type substrate may have an n- 25 opening in the second screen being about eight to 
type surface region 32 adjacent to the illuminated sur- one, 
face 12 as shown in FIG. 3. This layer reduces the sur- positioning said second screen adjacent to said back 
face-recombination velocity of the minority carriers. surface of said substrate so that said other pattern is 
Such an embodiment is referred to as a tandem junction uniformly spaced from said one pattern a distance 
cell. A p+type surface region in a p-type substrate is 30 of about one mil, and 
referred to as a front surface field cell. These regions screen printing an opposite type of dopant material 
could be made by gaseous diffusion, spin-on, or print-on on said back surface in said other configuration and 
methods well known in the art. diffusing the same onto said substrate. 
While several embodiments of the invention have 2. A method of making an interdigitated back contact 
been disclosed and described, it will be appreciated that 35 solar cell as claimed in claim 1 wherein the dopant 
various modifications may be made to the disclosed materials are screen printed sequentially and diffused 
structure and process without departing from the spirit sequentially. 
of the invention or the scope of the subjoined claims. By 3. A method of making an interdigitated back contact 
way of example, an n-type substrate 10 might be used solar cell as claimed in claim 1 wherein the dopant 
with screen printed n+ and p interdigitated patterns 16 40 materials are screen printed sequentially and diffused 
and 22 on the back surface 14. The front illuminated simultaneously. 
surface 12 could comprise a substrate material itself, or * * * * *  
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